Abstract. Many ribbon seals (Phoca fasciata) appear in winter in Nemuro Strait, eastern Hokkaido. We propose that their presence is partly related to an exploitation of the large numbers of spawning walleye pollock (Theragra chalcogramma). To investigate feeding habits of ribbon seals in winter, we sampled stomachs from seals for prey composition and size taken in the strait from FebruaryApril 1996-1998. Nine fish and five squid species were identified from sixty-four seal stomachs. Walleye pollock and magistrate armhook squid (Berryteuthis magister) were predominant in the diet of seals each year. The index of relative importance of prey showed that walleye pollock was the most dominant prey item. Most pollock eaten by seals had reached maturity. Prey distribution suggested that ribbon seals foraged in the intermediate-bottom layer of the continental slope water. No differences were found between prey composition and size of male and female ribbon seals. Subadult and adult ribbon seals consumed more pollock and less squid than young seals, which also tended to consume smaller pollock. Pinpoint lanternfish (Lampanyctus regalis) and saffron cod (Eleginus gracilis) occurred only in stomachs of adults and young, respectively. Foraging technique and diving ability may explain the differences in prey composition and size among seal age classes.
As apex predators seals strongly affect the marine ecosystem (Estes 1979; Ray 1981; Bowen 1997) . However, there is little ecological information about seals breeding and molting on ice floes in the North Pacific Ocean (Antonelis et al. 1993; Lowry et al. 1998 Lowry et al. , 2000 Harris et al. 2001 ) since the decline of commercial harvests. Information specific to ribbon seals (Phoca fasciata) is especially limited (Uno and Yamanaka 1988; Sakurai et al. 1989; Goto 1999; Mizuno et al. 2002) . This species occurs off the coasts of the Okhotsk, Bering and Chukchi Seas. From winter to early summer, they are distributed along the ice edge, where they breed and molt (Tikhomirov 1968; Naito and Konno 1979; Burns 1981; Lowry 1985) .
Many ribbon seals occur in Nemuro Strait, eastern Hokkaido, in winter (Naito 1971) . The movement of the ice floe and food availability likely determine their distribution (Fay 1974; Naito 1976; Kato 1977; Sakurai et al. 1989 ). The appearance of ribbon seals in Nemuro Strait coincides with the movement of ice floes from the Okhotsk Sea, which begins in February, and they are found in eastern coast of Sakhalin in spring when the ice floes disappear from the Strait (Kato 1977; Naito and Konno 1979) . Nemuro Strait is a major spawning ground for walleye pollock (Theragra chalcogramma) during winter (Sasaki 1984; Sano et al. 1993) , which is the majority of the seals' diet in the Okhotsk and Bering Sea (Wike 1954; Frost and Lowry 1980; Burns 1981) . To determine the importance of walleye pollock for ribbon seals in winter, we studied prey composition and size from stomach contents of ribbon seals sampled in Nemuro Strait from February-April 1996 -1998 .
Methods
Sixty-four ribbon seals taken in damage control actions were sampled in Nemuro Strait from February-April 1996 -1998 (Table 1, Fig. 1 ). Male seals were taken on average 8 days later than female seals (t-test, P = 0.01). Twenty-seven out of thirty-eight females were pregnant. Seals were measured and their stomachs were removed after cardiac and pyloric valves were tied. Stomachs were frozen and sent to our laboratory in the Graduate School of Fisheries Sciences, Hokkaido University, Hakodate. Following the classifications proposed by Naito and Konno (1979) , forty-four seals were divided into three developmental classes (Table 1) using age (young: 1-2 yrs, subadult: 3-6 yrs, adult: 7-yrs) and maturity of reproductive organ reported by Yamamoto (1999) .
In the laboratory, the stomachs were thawed and opened, and their contents were sorted on 8 mm, 4 mm, 1 mm and 0.5 mm mesh sieves. Undigested prey was weighed separately. Otoliths and other indigestible remains of prey were preserved in 70% isopropyl alcohol and 10% formalin, respectively. Prey was identified based on skeletal parts and sagittal otoliths for fish and lower beaks for squid, following the methods of Ohe (1985) , Clarke (1986) , and Kubodera and Furuhashi (1987) . The identification of fish from skeletal parts was made with the aid of the reference collection of the Faculty of Fisheries, Hokkaido University. Otoliths (maximum length) and beaks (lower rostral length) that were not broken and degraded were measured to the nearest 0.05 mm using vernier calipers.
Regression equations of standard body length (SL; from the tip of jaw to the joint of tail fin) and body weight (BW) on otolith length (OL) of walleye pollock were derived from measurements of 302 fish (272-765 mm SL, 195-3280 g BW) collected in the Bering Sea in 1993 and 1994 (Y. Goto unpublished data); ln SL (mm) = 1.29 × ln OL (mm) + 2.40 (r 2 = 0.86, P < 0.01) ln BW (g) = 3.72 × ln OL (mm) -4.06 (r 2 = 0.84, P < 0.01).
Regression equations for SL and BW of brokenline lanternfish (Lampanyctus jordani) were derived from measurements of 157 fish (62.5-122.0 mm SL, 3.0-23.7 g BW) collected off the Sanriku coast in 1998; ln SL (mm) = 0.80 × ln OL (mm) + 3.95 (r 2 = 0.74, P < 0.01) ln BW (g) = 2.34 × ln OL (mm) -0.85 (r 2 = 0.70, P < 0.01).
The body length and weight of other fishes and squids that had been consumed were estimated from the regression equations according to Frost and Lowry (1980) , Clarke (1986) and Walker (1996) . The length and weight of prey species for which regression equations were not obtained were assumed to be equal to the mean values of those that were found undigested. The quality of each prey item found in stomachs was evaluated with four proportional indices (Hyslop 1980; Fisher and Stewart 1997) ; (1) occurrence (number of stomachs in which a prey item occurred/total number of stomachs that contained food × 100), (2) number (number of individuals of a prey item in all stomachs/total number of all prey in all stomachs × 100), (3) mass (total mass of a prey item in all stomachs/total mass of all prey in all stomachs × 100), (4) energy (total energy of a prey item in all stomachs/total energy of all prey in all stomachs × 100). The number of prey individuals of fish was assumed to be equal to half of the number of a skeletal part or otolith, which occur in pairs. The number of prey individuals of squid was assumed to be equal to the number of lower beaks. Total mass of a prey species was calculated from the number of individuals multiplied by the mean estimated mass. Total energy from a prey species was calculated from total mass multiplied by the caloric value per wet weight. The caloric density of prey species was based on literature reports (Clarke et al. 1985; Preez et al. 1990; Perez 1994) . The occurrence, number, mass and energy of each prey species were calculated for each year, sex and developmental class. Since the caloric density was not obtained for all prey species, the index of relative importance (IRI) of each prey item is based on the frequency of occurrence and proportion of mass (Calkins 1998) , IRI = (rank of frequency of occurrence) × (rank of proportion of mass). The effect of time when seals were taken (9:00-18:00) on the probability of occurrence of an empty stomach was analyzed by logistic regression analysis because Kato (1977) reported that intensive feeding of ribbon seals was not observed during the day. The effect of date when seals were taken (20-Feb.-3-Apr.) on the probability of occurrence of an empty stomach was analyzed by logistic regression analysis. The occurrence of empty stomachs and prey items were compared between male and female seals (Table 1 ) and among three developmental classes of seals by Fisher's exact probability test. Probabilities of significance were adjusted using the sequential Bonferroni test (Rice 1989) for the latter comparison. The number of individuals and mean body length of major prey species that occurred in a stomach were compared between males and females using the t-test and among three developmental classes by multiple comparison (Scheffé's test) of ANOVA. These statistical analyses were performed using the StatView 5.0 software (SAS Institute 1998). Means are given ± SD.
Results
Fifty-five out of sixty-four stomachs contained food items (Table 1 ). There was no significant effect of sampling time on the probability of occurrence of empty stomachs (c 2 = 0.834, P = 0.36). Seals that were taken later in the season had a higher probability of empty stomachs than seals that were taken earlier (c 2 = 6.734, P < 0.05). Nine fish and five squid species were identified from stomach contents ( Table 2 ). The frequency of occurrence, proportion of number, mass and energy of walleye pollock and magistrate armhook squid (Berryteuthis magister) were the highest in each year ( Table 2 ). The IRI showed that walleye pollock was the most dominant prey followed by magistrate armhook squid in 1996 and 1997, and these two prey species were equally dominant prey in 1998 ( Table 2 ). The size of ingested pollock (n = 132) was 369.6 ± 68.6 mm SL ( Fig. 2A ) and 476.2 ± 202.7 g BW. The size of the ingested magistrate armhook squid (n = 365) was 135.9 ± 39.0 mm ML (mantle length: length of body except head and arms) (Fig. 2B ) and 107.4 ± 86.7 g BW.
More male seals had empty stomachs than female seals (P < 0.05). Walleye pollock and magistrate armhook squid were found frequently in stomachs of both sexes (Table 3) . No differences were detected between occurrence of all prey in stomachs of males and females (P > 0.05 in each case). No differences were detected between the mean number of individuals of pollock (male: n = 5.8 ± 6.7, female: n = 4.5 ± 5.1, t = 0.781, P = 0.44) and magistrate armhook squid (male: n = 7.3 ± 11.8, female: n = 6.6 ± 11.9, t = 0.226, P = 0.82) in stomachs of males and females. The IRI showed that walleye pollock was the most dominant prey followed by magistrate armhook squid in both sexes (Table 3) . No differences were detected between mean body length of pollock (male: 435.3 ± 82.7 mm SL, female: 424.0 ± 77.1 mm SL, t = 0.368, P = 0.72) and magistrate armhook squid (male: 149.0 ± 32.7 mm ML, female: 144.1 ± 36.7 mm ML, t = 0.449, P = 0.66) in stomachs of males and females.
No differences were detected in the occurrence of empty stomachs among three developmental classes of seals (P > 0.05 in each case). Walleye pollock and magistrate armhook squid were found frequently in stomachs of all classes (Table 4) , but pollock was eaten more by subadults than by young seals (P < 0.05). No differences were detected in other comparison of prey occurrence among the three classes (P > 0.05 in each case). Subadults and adults consumed more pollock and less squid than young seals (Table 4) , but no differences were detected among the mean number of individuals of pol- 1996 1997 1998 1996 1997 1998 1996 1997 1998 1996 1997 1998 1996 1997 1998 n = 10 n = 31 n = 14 n = 10 n = 31 n = 14 n = 10 n = 31 n = 14 n = 10 n = 31 n = 14 n = 10 n = 31 n = 14
Fish Theragra chalcogramma Proportion of mass of each prey was calculated without that of G. marcocephalus.
c Proportion of energy of S. harryi was not shown because the caloric density was not obtained.
d Proportion of energy of each prey was calculated without that of G. marcocephalus and S. harryi.
e
The index of relative importance (IRI) of each prey was calculated from the rank of frequency of occurrence multiplied by the rank of proportion of mass.
lock (young: n = 2.3 ± 2.9, subadult: n = 4.7 ± 4.3, adult: n = 3.9 ± 5.5, F 2,32 = 0.551, P = 0.58) and magistrate armhook squid (young: n = 9.5 ± 17.5, subadult: n = 3.9 ± 5.0, adult: n = 2.0 ± 4.6, F 2,32 = 1.795, P = 0.18) in stomachs of the three classes. The IRI showed that walleye pollock was the most dominant prey followed by magistrate armhook squid in subadults and adults, and these two prey species were equally dominant in the diet of young seals (Table 4) . Smaller pollock were found in stomachs of young (336.8 ± 147.9 mm SL) than subadults (484.4 ± 63.2 mm SL, P < 0.05). No differences were detected in other comparisons of the size of ingested pollock among the three classes (adult: 448.9 ± 22.4 mm SL, P > 0.05 in each case). No differences were detected among the size of magistrate armhook squid in stomachs of the three classes (young: 134.5 ± 26.2 mm ML, subadult: 165.7 ± 45.9 mm ML, adult: 146.4 ± 45.4 mm ML, F 2,19 = 1.133, P = 0.34). 
Scientic name
Common name male female male female male female male female male female n = 19 n = 36 n = 19 n = 36 n = 19 n = 36 n = 19 n = 36 n = 19 n = 36 
Common name young subadult adult young subadult adult young subadult adult young subadult adult young subadult adult n = 6 n = 14 n = 15 n = 6 n = 14 n = 15 n = 6 n = 14 n = 15 n = 6 n = 14 n = 15 n = 6 n = 14 n = 15
Fish
Theragra chalcogramma The index of relative importance (IRI) of each prey was calculated from the rank of frequency of occurrence multiplied by the rank of proportion of mass.
Discussion
Walleye pollock was the most dominant prey item in the diet of ribbon seals wintering in Nemuro Strait. The estimated stock abundance of mature pollock in the Nemuro Strait during spawning season is very large (300,000 t, Sano et al. 1993) . Pollock mature and form a dense spawning group after attaining about 360 mm BL in eastern Hokkaido (Nagasawa and Torisawa 1991; Sakurai 1993 ). More than 70% of the pollock found in ribbon seal stomachs were larger than 360 mm ( Fig. 2A) , indicating that ribbon seals likely foraged on pollock spawning groups. Kato (1977) reported that squid (occurrence: 58%, mass: 50%) was the most dominant prey followed by pollock (occurrence: 32%, mass: 16%) in the diet of ribbon seals taken in the Strait from late March to early May. By April, pollock disappear from the Nemuro Strait (Sasaki 1984; Sano et al. 1993) . Ribbon seals are frequently found along the eastern coast of Sakhalin after April (Naito and Konno 1979) and pollock is the major component of their diet in this area (Kato 1977) . Therefore, it is possible that seasonal changes in distribution of ribbon seals are associated with the availability of pollock.
Although our results highlight the importance of pollock in the diet of wintering seals, it must be noted that the importance of meso-and bathypelagic fish may be underestimated in our study. Larger and harder otoliths and skeletal parts of pollock are less likely to erode than the smaller and weaker parts of meso-and bathypelagic fishes, lanternfishes (Lampanyctus jordani, L. regalis) and northern smooth-tongue (Leuroglossus schmidti) in seal stomachs (da Silva and Neilson 1985; Tollit et al. 1997; Stainland 2002) . Squid beaks may also accumulate in seal stomachs (Pitcher 1980; Yonezaki et al. 2003) , leading to a potential overestimate of their importance relative to other prey items. Further studies on seal feeding habits would help elucidate these potentially complicating factors.
Ribbon seals were found off a 500 m isobath in Nemuro Strait during a shipboard census in March 1998 (T. Deguchi unpubl. data). Spawning pollocks are found in the mid-level water layer (200-400 m depth) of the continental slope in Nemuro Strait (Sasaki 1984; Sano et al. 1993; Sakurai 1993; Shida 2001) . Magistrate armhook squid is a dominant demersal squid in the subarctic region (Kubodera 1982; Ito 1988; Kinoshita and Amaoka 1989) . This species moves from the pelagic layer to the bottom layer of the continental slope water when their mantle length attains about 50 mm (Kubodera 1982) . The squid found in the ribbon seal stomachs were larger than 50 mm ML (Fig. 2B) . A large number of this squid species are found at 400-1000 m depth around Nemuro Strait (Ito 1988; Kinoshita and Amaoka 1989) . Lenfant et al. (1970) showed that the oxygen storage capacity of ribbon seals is 1.2 times as high as that of spotted seals (Phoca largha), which frequently forage for shallow water fishes, arabesque greenling (Pleurogrammus azonus) and Japanese surfsmelt (Hypomesus japonicus), on the continental shelf in Nemuro Strait (Kato 1977; Goto 1999) . This implies that ribbon seals have deeper diving ability than spotted seals. All of these factors suggest that ribbon seals usually forage in deeper water, i. e. the intermediate-bottom layer of the continental slope.
Sex differences in foraging behaviour and distribution have been identified in harbour seals (Phoca vitulina) (Thompson et al. 1998; Baechler et al. 2002) . No differences were found between prey composition and size of male and female ribbon seals as had been reported for ringed seals (Phoca hispida) , harp seals (Lydersen et al. 1991) and bearded seals (Erignathus barbatus) (Antonelis et al. 1994) , indicating that there is no segregation in the foraging habits. Although more male ribbon seals had empty stomachs than females, sample sizes were too small to analyze the effect of sex independent of season and developmental class. A similar result was reported for harp seas from the Gulf of St. Lawrence in spring (Beck et al. 1994) . Beck et al. (1993) suggested that females may feed more frequently than males because of the demands of a growing fetus, or they may reserve more energy to buffer influences of their mass loss during lactation. Alternatively, the empty stomachs of male ribbon seals, which were taken later in the season, may reflect the overall difficulty of finding prey items as spring approached and spawning by pollock tailed off.
Energy obtained from one individual magistrate armhook squid (mean 119 kcal) is one-fourth of that obtained from one walleye pollock (mean 487 kcal). Why younger ribbon seals consumed more squid is unclear. It has been reported that the main prey species change as seals grow older in this species (Kato 1977) , spotted seals (Kato 1977) , ringed seals ) and harp seals (Haug et al. 1991; Lawson and Stenson 1997) . It is easy for seals to swallow squid because squids do not have a defense organ (spines or needles) and their bodies are smooth (Kubodera 1982) .
The average swimming speed of magistrate armhook squid (1 m/s, Alexeyev et al. 1989 ) is not fast in comparison to pinnipeds (1.5 m/s, Kooyman 1989) . Therefore, less experienced younger seals might forage on squids because they are able to catch and eat them more easily, even though they receive comparatively less energy from them. Young seals may also have been too small to eat large mature pollock (Kato 1977) because ribbon seals have small mandibles, teeth and masticator muscles (Kosgin and Shustov 1971) . Saffron cod (Eleginus gracillis) found only in the stomachs of young seals (Table 4) are distributed in shallower waters than walleye pollock (Nagasawa and Torisawa 1991) . Pinpoint lanternfish (Lampanyctus regalis) found only in the stomachs of adults (Table 4) are distributed in much deeper waters and show little diel vertical migration pattern (Watanabe et al. 1999) . Because diving ability depends on body size (Snyder 1983; Kooyman 1989) , larger adult seals can dive longer and therefore deeper than smaller young seals. The difference of prey composition and size among developmental classes may also be a result of foraging technique and diving ability.
